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(54) Process for producing alfa-hydroxy acid or alfa-hydroxyamide by microorganism 



(S7) A process for producing an a-hydroxy acid or 
an a-hydroxyamido which comprises treating an alde- 
hyde and pruasic acid or an a-hydroxynitrile with a mi- 
croorganism having nitrilase or nitrile hydrataae activity 
in an aqueous medium and maintaining the aldehyde 
concentration and/or the ohydroxynitrile concentration 
in iho reaction mirture within a predetermined range. Al- 



so disclosed is a process for producing an a-hydroxy 
acid or an a-hydroxyamide from an aldehyde and prus- 
sic acid with a microorganism in an aqueous medium, 
which comprises maintaining the cyanogen concentra- 
tion in the reaction mixture within a predetermined range 
and supplying the aldehyde to the reaction mixture at a 
predetermined ratio to the prussic acid 
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Doaerlptlon 

FIELD OF THE INVENTION 

5 This Invention relate© to a process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism. In 
particular, optically active a-hydroxyamides and a-hydroxy acids are industrially valuable as starting materials for syn- 
thesizing various drugs, agricultural chemicals, etc. 

BACKGROUND OF THE INVENTION 

10 

Examples of known processes tor producing a-hydroxy acids by microorganisms include those which use micro- 
organisms bolonging to the genera Abaligenes, Pseudomonas, Rhodopseudomonss, Corynebacterium, Acineto 
factor, Bacillus, Mycobacterium, Rhodococcus, Candida, Nocardia, etc. (JP-A-2-84198, JP-A-3-224496, JP-A- 
3*277292, otc , the term "JP-A 1 as used herein means an "unexamined published Japanese patent application*) end 
thoso which use microorganisms belonging to the genera Nocardia, Bacillus, Brovibacterium, Aureobacterium, Pseu- 
domona$< Caseobacter, Aicaligenes, Acinetobacter, Entervbacter, Arthrobacten Escherichia, Micrococcus, Strepto- 
myc&s, Fiavobacterium, AOromqnas, Mycop&na, Cettuiomonas, Erwinia, Candida, Bacteridium, Aspergillus, Penicii- 
Hum, Cochliobolus, Fusartum, Rhodopseudomonas, Rhodococcus, Corynebacterium, Microbactorium, Obsumbacte- 
rium\ Gordona, etc. (JP-A-4-99495, JP-A-4-99496 and JP-A-4-218385 corresponding to U.S. Patent 5,223.416, JP- 
Z0 A-4-99497 corresponding to U.S. Patent S.234,826; JP-A-5-95795 corresponding to U.S. Patent 5,296,373; JP-A- ^ 
5-21987; JP-A-5-192189 corresponding to U.S. Patent 5,326,702; JP-A-6-237789 corresponding to EP-A-O61G046; 
JP-A-6-284899 corresponding to EP-A-0610049; JP-A-7-213296 corresponding to U.S. Patent 5,508,181; etc.). 

On the Other hand, examples of. known processes for producing a-hydroxyamides by microorganisms include 
thooo which use microorganisms belonging to the genera Rhodococcus, Corynebacterium, Pseudomonaa. Arthro- 
us bactor, Atcaligonea, Bacillus, Bacteridium, Micrococcus, Brovibacterium, Nocaniia, etc. (JP-A-4-222591; JP-A- 
5-192189 corresponding to U.S. Patent 5,326,702; JP-A-7-213296 corresponding to U.S. Patent 5,508,181; etc.). 

When an a-hydroxynitrile is enzymatically hydrolyzed or hydrated using nrtrilase or nitrile hydratase to produce an 
a-hydroxy acid or an onhydroxyamide, a problem occurs in that the enzyme is inactivated within a short period of time. 
It is therefore difficult to obtain the a-hydroxy acid or ohydroxyamide in high concentration and high yield. 
30 When an aldehyde and prU66ic acid, which are economically preferred to a-hydroxynitrile, are employed as the 

starting materials, another problem occurs in that the reaction rate is lowered with an increase in the concentration of 
the a-hydroxy acid or a-hydroxyamide product in the reaction mixture. As a result, the reaction does not proceed to 
completion 

The present inventors have conducted extensive studies in order to solve these problems. As a result, the present 
35 invontors discovered that enzyme inact'rvation can bo suppressed when an a-hydroxy acid or a-hydroxyamide repre- 
sented by the following formula (3) is produced from a corresponding aldehyde represented by the following formula 
(1) and prussic acid Or a corresponding a-hydroxynitrile represented by the following formula (2) by measuring the 
aldohydo concentration and/or the a-hydroxynitrile concentration in the reaction mixture and by maintaining the alde- 
hyde concentration and/or the a-hydroxynitrile concentration in the reaction system within a predetermined range. ~ 
40 Thus, a-hydroxy acid or a-hydroxyamide in high concentration can be produced in high yield. The present inventors \ 
furthermore discovered that enzyme inactivation can be suppressed when an a-hydroxy acid or an a-hydroxyamide 
represented by the following formula (3) is produced from a corresponding aldehyde represented by the following 
formula (1 ) and prussic acid by measuring the cyanogen concentration in the reaction mixture and by supplying prussic 
acid to tho roaction mixture in such manner so as to maintain the cyanogen concentration within a predetermined range 
<5 and by supplying the aldehyde to the reaction mixture at a predetermined ratio to the prussic acid. Thus, a-hydraxy 
acid or a-hydroxyamide can be produced In high concentration and in high yield. The present Invention has been 
complotod based on these findings, 

SUMMARY OF THE INVENTION 

BO 

Accordingly, the present invention provides a process for producing an a-hydroxy acid or an a-hydroxyamide which 
comprises treating an aldehyde represented by the following formula (1) and prussic acid or an a-hydroxynitrilo rep- 
racentod by tho following formula (2) with a microorganism or processed product thereof having nitrilaso or nitrile 
hydrotaoe activity in an aqueous medium to thereby provide a reaction mixture containing a corresponding a-hydroxy 
6S acid or a-hydroxyamide represented by the following formula (3), and maintaining the aldehyde concentration and/or 
tho a-hydroxynitrilo concentration in the reaction mixture within a predetermined range. In a preferred embodiment, 
the invention further comprises measuring the aldehyde concentration anoVor the o-hydroxynitrile concentration in the 
roaction mixture, and continuously and/or intermittently supplying the aldehyde and prussic acid or the a-hydroxynitrite 
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lo tho reaction mixture in such manner so as to maintain at least one of the aldehyde concentration and the a-hydrox- 
ynitrile concentration within a predetermined range. The present invention also provides a process for producing an 
a-hydroxy acid or an a»hydroxyamide represented by the following formula (3) from an aldehyde represented by the 
above formula (1) and prussic acid with a microorganism or processed product thereof having nitrilase or nitrite hy- 

5 drataso activity in an aqueous medium, which comprises maintaining the cyanogen concentration in the reaction mixture 
within a predetermined range, and supplying the aldehyde to the reaction mixture in an amount of from 0.98 to 1 .05 
mol por mol of prussic acid. In a preferred embodiment, the invention further comprises measuring the cyanogen 
concentration in tho roaction mixture and continuously and/or intermittently supplying prussic acid in such manner so 
as to maintain the cyanogen concentration withh a predetermined range. 

io Formulae P ) to (3) are defined below: 



R-CHO 

iS 

(1) 

' ■ so wherein R represents a substituted or un6ubstituted alky! group, a substituted or unsubstituted alkenyl group, a sub- 
V " St'rtutod or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, or a substituted or unsubstituted, 

saturated or unsaturated heterocyclic group; and X represents an amido group or a carboxyl group, 

DETAILED DESCRIPTION OP THE INVENTION 

25 

in tho proeont invention, the aldehyde, prussic acid arhydroxynitrile and sulfite ion, which sulfite ion is added if 
noodod. aro in an equilibrium state and road with each other in the roaction mixture. Thus it is difficult to determine 
tho actual concentrations of these substances Accordingly, the apparent concentration(s) of the aldohydo and/or <x- 
hydroxynitrilo in the roaction mixture are determined. More particularly, the reaction mixture during the course of the 
30 reaction is sampled and, if necessary, diluted and subjected to solid-liquid separation followed by an analysis of the 
solution thus obtained Although it is preferable to employ liquid chromatography for this analysis, gas chromatography 
can also bo used. The aldehyde or a-hydroxynitrile is supplied to the reaction mixture in such manner so as to regulate 
(control) the aldehyde concentration and/or the a-hydroxynitrile concentration in the reaction mixture generally within 
a concentration range of from 0.01 to 1 .000 mM, preferably from 0.05 to 200 mM. and still more preferably from 1 to 
35 SO mM. In the last step of the reaction, the supply of the aldehyde or a-hydroxynitrile is discontinued to thereby tower 
the aldehyde concentration and/or the a-hydroxynitrile concentration in the reaction mixture. 

When an aldehyde and prussic acid are employed as starting materials, it is also possible to measure the cyan 
ion concentration to thereby control the supply of the prussic acid and aldehyde. The concentration of cyanogen in the 
roaction mixture can bo determined using a cyan ion sensor, an infrared gas analyzer, a semiconductor gas sensor, 
\. . 40 etc Prussic acid is supplied to the reaction mixture in such manner so as to control the cyanogen concentration in the 
reaction mixture within ©predetermined range, generally from 0.01 to 300 mM, preferably from 0.1 to 100 mM, and 
moro proforably Irom i to 50 mM. fn the present invention, the expression "cyanogen concentration in the reaction 
mixturo" moans the sum of the concentrationsof prussic acid and cyan ion contained therein. Furthermore, the aldehyde 
is suppliod to the reaction mixture at a ratio of from 0.98 to 1 .05 mol, preferably from 0.99 to 1.03 mol, per mol of prussic 
45 acid. In the last step of the reaction, the supply of the aldehyde is discontinued, and prussic acid is supplied alone il 
necossary so as to lower the concentration of the aldehyde In the reaction mixture. 

As used and claimed herein, it is to be understood that "supplying prussic acid to the reaction mixture' includes 
supplying a cyanide salt or solution thereof to the reactor such as a sodium cyanide solution. 

When tho cyanogen concentration in the reaction mixture is determined using a cyan ion sensor, the short life of 
so the cyanogen sensor can be prolonged by diluting the reaction mixture with an aqueous medium. When an infrared 
gas analyzer or a semiconductor gas sensor is employed therefor, this measurement can be carried out by determining 
tho pruosic acid gas concentration in the gas which contacts the reaction mixture. 

In gonoral, aldehydes bind to proteins and thus inactivate enzymes. Therefore, tho present inventors expect that 
tho mothod of regulating tho offoct of inhibiting an enzyme, which comprises measuring the aldehyde concentration 
bs and/or tho a-hydroxynitrile concentration or the cyanogen concentration in tho reaction mixture and controlling the 
aldohydo concentration and/or tho a-hydroxynitrile concentration in the reaction mixture to within a predetermined 
rango. is applicable as a rule to al! microbial reactions in which aldehydes participate. Therefore, the microorganism 
for uso in tho process of the present invention for producing an acid or an amide from an aldehyde, prussic acid and 
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o>hydroxynitrile is not particularly limited, so long as it is capable of forming the arid or amide (i.e., having nhrilase or 
nitrlle hydrataae activity). 

Examples ot microorganisms which are useful in the present invention include those belonging to the genera 
Pseudomonas, Alcaligcnos, Actnetobacter. Caseobecter, Corynebacterium, Brevibacteriurn, Nocardia, Rhodococcus, 
Qordona, Arthrobecter, Bacillus, Aureobacterium, Enterobacter, Escherichia, Micrcoccus, Streptomycea. Flavobacte- 
rium> Aoromonas, Mycoptana, Cellulomonas, Erwinia. Candida, BacteridlurYi, Aspergillus, Penialftum, Cochiiobolus, 
Fusarium, Rhodopseudomones, etc. 

Moro particularly, for example, the following microorganisms are useful in the present invention, wherein FERM 
denotes the fermentation Research Institute. Pseudomonas sp. BC13-2 (FERM BP-3319), BC15-2 (FERM BP-3320), 
SK13 (FERM BP-3325), SK31 (FERM P-11310) and SK87 (FERM P-11311): Pseudomonas synxanla 1AM 12356, 
Aicaliganas 8p BC12-2 (FERM P-11263), BC20 (FERM P-11264) and BC35-2 (FERM BP-3318), Acinetobacter sp. 
BC9-2 (FERM 8P-3317), Caseobacter sp. BC* (FERM BP-3316) and BC23 (FERM P-11261), Corynebacterium />/- 
trltophilus fiJQQ 21419, Brevibacteriurn acetyiicum\MA 1790, Brevibacteriurn helvolum ATCC 11822, Nocartitaap. N- 
775 (FERM P-4447), Nocardia asteroides IFO 3384, Nocardia calcarea KCCA 01 91 , Nocardia pofychromogenes IFM 
19, Rhodococcus sp. SK70 (FERM P-11304), SK92 (FERM BP^3324) and HR11 (FERM P-H306), Rhodococcus rho- 
dochrous ATCC 12674. ATCC 19140 and ATCC 33258, Rhodococcus erythropoiis IFM 155, IFO 12320, IFO 12538 
and IF0 12540, Oordona terrae, MA-1 (FERM BP-4535), Arthrobactersp. SK103 (FERM P-11300). HRl (FERM BP- 
3323) and HR4 (FERM P-1 1 302), Arthrobactaroxydans ! F0 121 38, Bacillus subtllis ATCC 21 697, Bacillus ticheniformia 
IFO 12197, Bacillus megaterium ATCC 25833, Auceobacterlum testaceum IAM 1561, Enterobacter sp. SK12 (FERM 
BP-3322). Escherichia co/HFO 3301, Micrococcus tuteus ATCC 383, Micrcoccus varians IAM 1099, Micrococcus ro- 
seus IFO 3768, Btraptomyoes griaeus IFO 3355. Ftovobatferiumsp. SK150 (FERM P-11645), Flavobacterium Haves- 
cons ATCC 8315. Aoromonas punctata IFO 1 3288, Mycoptana dimorpha ATCC 4297, Cefiulomonas fimi IAM 12107. 
Erwinia herbicola IFO 12686 and Candida guiltiermondii IFO 0566. 

Thcao microorganisms are respectively described in the above-cited patent publications. 

On tho othor hand, examples of useful microorganisms in the present invention having nitrile hydratase activity 
includo those belonging to the gonora Rhodococcus, Coryrwbactorium, Psoudomonaa, Arthrobactor, AJcaUgonea, Ba- 
cillus, Bactoridium, Micrococcus, Brevibacteriurn ax\6 Nocardia. 

Moro particularly, for example, the following microorganisms are useful vrx the present invention. 

Rhodococcus sp. HT40-6 (FERM BP-5231). Rhodococcus rhodochrous ATCC 33278. Rhodococcus erythropoiis 
IFO 12320. Corynebacterium nilhlophilus ATCC 21419, Pseudomonas sp. SK87 (FERM P-11311). Arthrobactar sp. 
HRl (FERM BP-3323) and Alcaligenos sp. BC16-2 (FERM BP-3321). 

These microorganisms are respectively described in the above-cited patent publications. 

Tho aldehyde represented by formula (1) and the ohydroxynitriie represented by the formula (2) for use in the 
present invention are those wherein R represents a substituted or unsubstituted alkyl (e.g., 0,-Cb *M) 9«^P. a sub " 
stituted or unsubstituted alkenyl (e.g., C 2 -C 3 alkenyl) group, a substituted or unsubstituted cycloalkyl (e.g., cyclohexyl) 
group, a substituied or unsubstituted aryl group (e.g., phenyl), or a substituted or unsubstituted, saturated or unsatu- 
rated hotorocyclic (e.g., one ring) group. In the reaction mixture, the aldehyde, pruseic acid and a-hydroxynitrile are in 
a dissociated equilibrium state. 

Useful hotorocyclic groups represented by R contain at least one heteroatom selected from among nitrogen, ox- 
ygon and eutlur atoms. 

Examples of uselul substituants for tho substituted group represented by R include alkyl, alkoxy, acyl, aryl and 
aryloxy groups, halogen atoms such as chlorine and bromine atoms and hydroxyl, amino, nitro and thiol groups. 

Particular examples of the aldehyde include acetaldehyde, propionaldehyde, n-butylaWehyde, n-pentylaldehyde, 
n-hoxviaidenyde. n*heptyialdehyde, p-hydroxy-o,a-dimethylpropionaldehycte ( acrolein. 3-phenylacrolein. methacryla- 
loehyde. 2*hloroacetaldenyde, 3-methyltniopropionaldehyde and 2-phenylaldehyde which are optionally substituted. 
Furthormore. aromatic aldehydes and those having heterocyclic rings can eiso be used such as benzaldehyde, 2-thi- 
ophenaldohyde. 2-pyridinaldehyde, 2-pyrrolaidehyde and 2-furaldehyde which are optionally substituted. As for the 
prueelc acid, a cyanide such as sodium cyanide or potassium cyanide can be used. 

Examples of the a-hydroxynitrile include lacton'rtrile, a-hydroxy-butyronitrile, a-hydroxy-n^pentylonhrile, a-hydroxy- 
n-hoxylonitriio. a-hydroxy^n-heptylonitrite. a-hydroxy-nnxtylonitrile, c^Ydihydroxy-p.p^tmethylbutyronitrite, acrolein 
cyanohydrin, 3-phenylacrolein cyanohydrin. methacrylaWohydo cyanohydrln, 3-chlorolactonitrile, 4-mothytthio-a-hy- 
droxybutyronitriloand d-hydroxy-o>phenylpropionyl which are optionally substituted. Furthermore, aromatic a-hydrox- 
ynltriloo end those having heterocyclic rings can also be used such as mandolonitrile, 2-thiophenaldehyde cyanohydnn, 
2-py ridlnaldehyde cyanohydrin, 2-pyrrolaldehyde cyanohydrin and 2-f uraldehyde cyanohydrin which are optionally sub- 
stituted, j. to 

Enzymo inhibition by the aldehyde is effectively suppressed by adding sulfite ion such as a sulf urous acid salt or 
an acidic eullurous acid salt Examples ol the salt include sodium, potassium and ammonium salts. The salt may be 
addod in an amount of from 1 to 1 .000 mM to the reaction mixture. 
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Whon a microorganism having a stereospecrfic nitrilase or nilrilo hydratase or a processed product thereof (e.g., 
enzyme, immobilized enzyme, immobilized eel!) is employed in the reaction, it is possible to convert at least 50% of 
tho aldehyde or o-hydroxynitrile (i.e., at least 50% ot the starting material) into one of the optically active substances. 
Thus, an optically active a-hydroxy acid or a-hydroxyemide can be advantageously obtained without having to optically 
* resolve the product. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Tho hydrolysis or hydration is performed by contacting a mixture of the aldehyde represented by formula (1 ) and 
10 prussic acid, or the a-hydroxyniirile represented by formula (2) with a microorganism or a processed product thereof 
($.g., ground coll. crude enzyme, purified enzyme, immobilized cell, immobilized enzyme) in an aqueous medium such 
as water or a buffer. 

In the present invention, the aldehyde concentration and/or the a-hydroxy nitrile concentration or the cyanogen 
concentration intha reaction mixture are measured in this step, and ihe aldehyde and prussic acid or the a-hydroxynitrile 
1* aro continuously and/or intermittently added thereto soas to maintain the concentrations thereof within a predetermined 
range 

The aldehyde concentration and/or the a-hydroxynitriie concentration in tho reaction mixture are as defined above. 
Tho microorganism is employed In an amount of from 0.00 1 to 5.0% by weight on a dry basis basod on the substrate. 
Tho roactlon temperature generally ranges from the freezing point to 50*C, preferably from 5 to 30*C. 
20 When the a-hydroxynitrile or aldehyde has an extremely k>w solubility in the aqueous medium> the reaction can 
bo officiontly carried Out by adding 0.1 to 5.0% by weight of a surfactant (Triton X-100, Tween 60/ etc.), methanol, 
othanol, dimothyl sulfoxide, etc. 

The a-hydroxy acid or a-hydroxyamide thus obtained may be isolated by treating the reaction mixture, from which 
Inoolublo matter including the cells has been removed, by procedures well known to those of ordinary skill such as 
25 concentration, ion exchange, electrodialysis, extraction, crystallization, etc 

To furthor illustrate the present invention in greater dotail, and not by way of limitation, the following Examples are 
given bolow 



so 



EXAMPLE 1 



A 50 mM phosphate buffer {pH 8.0) containing 1,000 mM of sodium sulfite was charged into a reactor and the 
temperature was adjusted to 30°C. Then Goriona terrae MA-1 strain was suspended in this solution so as to obtain 
an ODsao of 4.2. Then, an aqueous solution of sodium cyanide and benzaldehyde as starting materials were supplied 
to tho reactor while controlling the molar ratio thereof to 1 .0 : 10. The cyan ion concentration in the reaction mixture 

3$ was measured with a cyan ion detector, and the supply rate of the aqueous solution of sodium cyanide was controlled 
so as to adjust tho output of the cyan ion detector to within -220 to -224 mV. In the course of the reaction, the reaction 
mixture was sampled end filtered. The filtrate was diluted 10-foW with water and tho benzaldehyde concentration was 
moasurod by liquid chromatography Thu6, the supply rate6 of the aqueous solution of sodium cyanide and benzalde- 
hyde were regulated to maintain the benzaldehyde concentration in the reaction mixture within the range of from 10 

40 t©i5mM. 

After carrying out the reaction for 22 hours, the reacted mixture containod R-mandelic acid in a concentration of 
10.5% and an optical purity of 99.0% ee. The R-mandelic acid concentration and optical purity were determined by 
liquid chromatography. Theyieldof the R-mandelic acid based on the benzaldehyde supplied to the reactor was 97.0%. 

45 EXAMPLE 2 

Tho procedure of Example 1 was repeated except for substituting the aqueous solution of sodium cyanide by 
prussic acid. After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concen- 
tration of 1 4.2% and an optical purity of 99.0% ee. The yield of tho R-mande lie acid based on Ihe benzaldehyde supplied 
so to tho reactor was 97.0%. 

EXAMPLES 

A 20 mM phosphate buffer (pH 6.5) was charged to a reactor and the temperature was adjusted to 10°C. Then, 
& ftftodococcus sp. HT40-6 strain was suspended in this solution so to provide an OD 630 of 4.2. 

Aftor adding benzaldehyde to the reactor and dissolving the same to provide a concentration of 30 mM, bengal - 
dohydo and prussic acid as starting materials were supplied to the reactor in a molar ratio thereof to 1 .0 : 1 .0. The cyan 
ion concentration in the reaction mixture was measured with a cyan ion detector, and the supply rate of the aqueous 
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eolutten o« sodium cyanide was controlled so as to adjust the output of the cyan Ion detector to within -1 45 to -1 50 mV. 
During the course of the reaction, the reaction mixture wa6 sampled and filtered. Tho filtrate was diluted 1 0-fold with 
wator and the benzaldehyde concentration was measured by liquid chromatography. Thus, tho supply rates of the 
aqueous solution of sodium cyanide and benzaldehyde were regulated to thereby maintain the benzaldehyde concen- 
s tration In the reaction mixture within the range of from 35 to 40 mM. 

After carrying out tho reaction for 66 hours, the reacted mixture contained mandelamide in a concentration of 32% 
and an optical purity (S-mandelamide) of 77% oe. The yield of the mandelamide based on the benzaldehyde supplied 
to the reactor was 95%. Mandelamide was crystallized trom the reacted mixture. 

io EXAMPLE 4 

A 50 mM phosphate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 
perature was adjusted to 30°C. Then Gordona terrae MA-1 strain was suspended in this solution so as to provide an 
ODeso of 4,2. Then, mandeJonitrile employed as a starting material was supplied to the reactor at a predetermined 
16 rato. During the course of the reaction, the reaction mixture was sampled and filtered. The filtrate was diluted 10-fold 
with wator and the benzaldehyde concentration was measured by liquid chromatography Thus, the flow rate of the 
mandolonKrilo was regulated to thereby maintain the benzaldehyde concentration in the reaction mixture within tho 
range of from 10 to 15 mM. 

After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concentration of 
so 12.5% and an optical purity of 77% ee. The yield of the R-mandelic acid based on the benzaldehyde supplied lo the 
reactor was 95%, 

COMPARATIVE EXAMPLE 1 

SS A 50 mM phoephate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tcm- 

poraturo was adjusted to 30°C. Then Gordona terrae MA-1 strain was suspended in this solution so as to provide an 
ODsso °1 Then, an aqueous solution of sodium cyanide and benzaldehyde as starting materials were supplied in 
a molar ratio of 1,0 : 1.0. The cyan ion concentration in the reaction mixture was measured with a cyan ion detector, 
and the supply rate of the aqueous solution of sodium cyanide was controlled so as to adjust the output of the cyan 

so ion detector to within -220 to -224 mY 

After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concentration of 
5.0% and an optical purity of 97% ee. The yield of the R-mandelic acid based on the benzaldehyde supplied to the 
reactor was 93%. 

96 EXAMPLE 5 

A 50 mM phosphate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 
perature was adjusted to 30°C. Then, Gordona terrae MA-1 strain was suspended in this solution so as to provide an 
OD e30 of 4.2. Then, an aqueous solution of sodium cyanide and benzaldehyde employed as starting materials were 
40 suppliod in a molar ratio of 1 .0 : 0.98. The cyan ion concentration in the reaction mixture was measured with a cyan 
ion dotoctor, and the supply rate of the aqueous solution of sodium cyanide was controlled so as to adjust the output 
of tho cyan ion detector to within -220 to -224 mV in this case, the cyanogen concentration in the reaction mixture was 
regulated within the range of from 20 to 22 mM. 

Aftor carrying out the reaction for 22 hours, the supply of benzaldehyde was discontinued while the supply o1 the 
*s aqueous solution of sodium cyanide was continued. Table 1 shows the results of the reaction performed for 30 hours. 

EXAMPLES 6 TO 10 

Tho procedure of Example 5 was repeated except for controlling the molar ratio of the aqueous solution of sodium 
so cyanide and benzaldehyde starting materials as specified in Tablo 1 . Table 1 shows the results ol the reaction porformed 
tor 30 hour* 

EXAMPLES 

£6 Tho procedure of Example 5 was repeated except for substituting prussic acid for the aqueous solution of sodium 

cyanido acid and controlling the molar ratio of pru3Sic acid to benzaldehyde to 1 .00 : 1 .00. After carrying out the reaction 
tor 30 hours, the reacted mixture contained R-mandelic acid in a concentration of 14.5% and an optical purity of 99.0% 
oo. Tho yield of the R-mandelic acid based on the benzaldehyde supplied to the reactor was 97.8%. 
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EXAMPLE 12 

A 20 mM phosphate buffer (pH 8.5) was chergod to a reactor and the temperature was adjusted to 10*0. Then, 
Rhodococcus sp. HT40-6 strain was suspended in this solution so as to provide an OD^g of 4.2. 

s After adding benzaldehyde thereto and dissolving the same so as to provide a concentration of 30 mM, prussic 

acid and benzaldehyde starting materials were supplied to the reactor while controlling the molar ratio thereof to 1 .0 : 
1 .02. Tho cyan ion concentration in the reaction mixture was measured with a cyan ion detector, and the supply rate 
of the 8Queous solution of sodium cyanide was controlled 60 as to adjust the output of the cyan ion detector to within 
•1 4S to 0 50 mV In this case, the cyanogen concentration In the reaction mixture was controlled to within the range of 

fC from IB to 20 mM Alter carrying out the reaction for 66 hours, the reacted mixture contained mandelamide in a con- 
centration of 33*k and an optical purity (S-mandelamide) of 77% ee. The yield of the mandelamide based on the 
benzaldehyde supplied to the reactor was 95%. Mandelamide was crystallized from tho reacted mixture. 

COMPARATIVE EXAMPLE 2 

IS 

A 50 9hc*pvitc Cutter (pH 8 0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 
poraiure was ac\ jMoc io 30*c I hen Gordons terme MA-i strain was suspended in this solution so as to provide an 
ODgao of 4 2 Tnon «n <*qucous soMion of sodium cyanide and benzaldehyde starting materials were supplied in a 
molar ratio tnoiooi to t 0 0 97 Tre cyan ion concentration in the reaction mixture was measured with a cyan ion 
20 doloclor, and the i»uypl/ r*ic ol the aqueous solution of sodium cyanide was controlled so as to adjust the output of 
the Cyan ion dgtuuu ic wiihn -220 io -224 mV. After carrying out the reaction for 22 hours, the supply of the benzal- 
dohydo was discontnuod *ni»o tho suppty ol the aqueous solution of sodium cyanide was continued. Table 1 shows 
tho rosulta of the reaction performed lor 30 hours. 

2S COMPARATIVE EXAMPLE 3 

Tho procoduro of Comparative Example 2 was repeated, except for controlling the molar ratio of the aqueous 
solution of sodium cyanide and benzaldehyde employed as starting materials to 1 .00 : 1 .06. Table 1 9hows the results 
of tho road ion performed tor 30 hours 

so 
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in accordance with the present invention, an a-hydroxynitrilo can bo hydroiyzed or hydrated while maintaining the 
aldohydo eventration, which is one of the (actors inhibiting the enzyme, at a continuously low level during the reaction. 
Thus, the enzymatic activity can be sustained in a stable state for a prolonged period of time. This makes it possible 
to accumulate tho acid or amide product in a high concentration. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modrftcations can be made therein without departing from 
the spirit and scope thereof. 

Claims 

1 , A procoss for producing an ohydroxy acid or an a-hydroxyamide by a microorganism or processed product thereof 
having nilritase or nitrile hydratase activity, which comprises treating an aldehyde represented by the following 
formula (i ) and prussic acid or an a-hydroxynitrile represented by the following formula (2) with the microorganism 
in an aqueous medium to thereby provide a reaction mixture containing the corresponding a-hydroxy acid or a- 
hydroxyamido represented by the following formula (3), and maintaining at least one of the aldehyde concentration 
and the a-hydroxynitrile concentration in the reaction mixture within a predetermined range: 



R-CHO 




(1) (2) (3) 

whoroin P represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group, a 
substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, or a substituted or unsatu- 
rated, saturated or unsaturated heterocyclic group; and X represents an amido group or a carboxyt group. 

2. A process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , which 
comprises measuring at least one of the aldehyde concentration and the a-hydroxynitrile concentration in the 
roaction mixture by liquid chromatography. 

3. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1, 
which further comprises measuring at least one of the aldehyde concentration and the a-hydroxynitrile concentra- 
tion in said reaction mixture and continuously and/or intermittently supplying the aldehyde and prussic acid or the 
a-hydroxynitrile to the reaction mixture in such manner so as to maintain at least one of the aldehyde concentration 
and tho a-hydroxynitrile concentration in the reaction mixture within a predetermined range. 

4. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 3, 
whoroin said supplying step comprises supplying an aqueous cyanide salt solution to the reaction mixture and 
rogulating the supply rates of the aldehyde and the aqueous cyanide salt solution to the reaction mixture so as to 
maintain at least one of the aldehyde concentration and the a-hydroxynitrile concentration within a predetermined 
range. 

5. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 3, 
wheroin said supplying step comprises regulating the supply rate of ihe a-hydroxynitrile to the reaction mixture so 
ae to maintain at least one of the aldehyde concentration and the a-hydroxynitrile concentration in tho reaction 
mixture within a predetermined range. 

6. A procoss lor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , which 
compriooQ maintaining at least one of the aldohydo concentration and the o-hydroxynitrilc concentration in the 
reaction mixture within a range of from 0.01 to 1,000 mM. 

7. Tho process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , 
which comprises maintaining at least one of the aldehyde concentration and the a-hydroxynitrile concentration in 
tho roaction mixture within a range of from 0.05 to 200 mM 
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8, Tho process tor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 . 
which comprises maintaining at least one of the aldehyde concentration and the a-hydroxynitrile concentration in 
tho reaction mixture within a range of from 1 to 50 mM. 

5 9, Tho procoss tor producing an a-hydroxy acid or an a-hydroxy amide by a microorganism as claimed in Claim 1 , 
which comprises maintaining the aldehyde concentration in the reaction mixture within a range of from 1 to 50 mM. 

10, Tho procoss lor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1, 
wherom the reaction mixture contains sulfite ion. 

to 

11. Tho process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1. 
wheren said microorganism processed product comprises one of a ground cell, a crude enzyme, a purified enfcyme, 
an immobilized cell and an immobilized enzyme. 

16 12. A process to* producing an a-hydroxy acid or an a-bydroxyamide by a microorganism or processed product thereof 
having nu-iuvc or ni|i*e hycratase activity, which comprises treating an aldehyde represented by formula (1) and 
pruss^c ice *itn tnc microorganism in an aqueous medium to thereby provide a reaction mixture containing the 
corrosponoinq nydrom/ hc<\ Of w-hydroxyamide represented by formula (3), maintaining the cyanogen concen- 
tration in ino lOrtCiion mixture wunm a predetermined range and supplying the aldehyde to the reaction mixture in 

so an amounl oi iiom 0 96 lo 1 05 mol per mol of prussic acid: 



R-CHO 

SB 




(1) (3) 

30 wherein R represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group, a ■ 
substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, or a substituted or unsatu- 
rated, saturated or unsaturated heterocyclic group; and X represents an amido group or a carboxyl group. 

13. Tho process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
36 wherein said supplying step lurthor comprises measuring the cyanogen concentration in said reaction mixture and 

continuously and/or intermittently supplying prussic acid to the reaction mixture in such manner so as to maintain 
tho cyanogen concentration in the reaction mixture within a predetermined range. 

14. Tho process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 3, 
40 wherein said supplying step comprises supplying an aqueous cyanide salt solution to the reaction mixture and 

regulating the supply rate of the aqueous cyanide salt solution so as to maintain the cyanogen concentration in 
tho reaction mixture within a predetermined range, 

15. A process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
45 which comprises maintaining the cyanogen concentration in the reaction mixture within a range of from 0.01 to 

300 mM; 

16. Tho procoss for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
which comprises maintaining the cyanogen concentration in the reaction mixture within a range of from 0.1 to 1 00 

» mM ■ 

17. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
which comprises maintaining the cyanogen concentration in the reaction mixture within a rango of from 1 to 50 mM. 

£$ 1S, Tho process for producing an a>hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12. 
wherein the reaction mixture contains sulfite ion. 

19. Tho process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12. 
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whoroin said microorganism processed product comprises one of a ground cell, a crude enzyme, a purified enzyme, 
an immobilized cell and an immobilized enzyme. 
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(54) Process for producing alfa-hydroxy acid or alfa-hydroxyamide by microorganism 
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(57) A process for producing an arhydroxy acid or 
an a-hydroxyamido which comprises treating an aide- 
hydo and prussic acid or an a-hydroxynitrile with a mi- 
croorganism having nitrflase or nitrite hydratase activity 
in an aqueous medium and maintaining the aldehyde 
concentration and/or the a-hydroxynitrile concentration 
in tho roaction mixture within a predetermined range. Al- 



so disclosed is a process for producing an ohydroxy 
acid or an a-hydroxyamide from an aldehyde and prus- 
sic acid with a microorganism in an aqueous medium, 
which comprises maintaining the cyanogen concentra- 
tion in the reaction mixture within a predetermined range 
and supplying the aldehyde to the reaction mixture at a 
predetermined ratio to the prussic acid. 
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